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$EVWUDFW 7KH HIIHFWV RI LRQ PRWLRQ RQ /DQGDX GDPSLQJ KDV EHHQ VWXGLHG E\ XVH RI
RQHGLPHQVLRQDO9ODVRY3RLVVRQVLPXODWLRQ,WLVVKRZQWKDWWKHLRQPRWLRQPD\VLJQLILFDQWO\
FKDQJH WKH GHYHORSPHQW RI WKH OLQHDU /DQGDX GDPSLQJ :KHQ WKH LRQ PDVV LV PXOWLSOH RI
SURWRQPDVVLWVPRWLRQZLOOKDOWWKHOLQHDU/DQGDXGDPSLQJDWVRPHWLPHGXHWRWKHH[FLWDWLRQ
RI LRQ DFRXVWLF ZDYHV 7KH ODWWHU ZLOO GRPLQDWH WKH V\VWHP HYROXWLRQ DW WKH ODWHU VWDJH DQG
KROGDFRQVLGHUDEOHIUDFWLRQRIWKHWRWDOHQHUJ\LQWKHV\VWHP:LWKYHU\VPDOOLRQPDVVVXFK
DV LQHOHFWURQSRVLWURQSODVPDWKH LRQPRWLRQFDQVXSSUHVV WKH OLQHDU/DQGDXGDPSLQJYHU\
TXLFNO\ :KHQ WKH LQLWLDO ILHOG DPSOLWXGH LV UHODWLYHO\ KLJK VXFK DV ZLWK WKH GHQVLW\
SHUWXUEDWLRQDPSOLWXGHGQQ!WKHHIIHFWRILRQPRWLRQRQ/DQGDXGDPSLQJLVIRXQGWREH
ZHDNRUHYHQLJQRUDEOH 

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 ,QWURGXFWLRQ
/DQGDX GDPSLQJ LV DNH\FROOHFWLYHEHKDYLRURI SODVPDGLVFRYHUHG \HDUVDJR >@ ,W LV D
NLQG RIFROOLVLRQOHVV GDPSLQJ UHVXOWLQJ IURP UHVRQDQWHQHUJ\H[FKDQJHEHWZHHQDQHOHFWURVWDWLF
ZDYHDQGSDUWLFOHV,QWKHOLQHDUUHJLPHZKHQDQHOHFWURQGLVWULEXWLRQIXQFWLRQ(')LQDVSDWLDOO\
XQLIRUPSODVPDLVSHUWXUEHGE\DVPDOODPSOLWXGHHOHFWURVWDWLFZDYH/DQGDX¶VDQDO\VLVSUHGLFWV
WKDWWKHWLPHDV\PSWRWLFHYROXWLRQRIWKHHOHFWULFILHOGH[KLELWVH[SRQHQWLDOGDPSLQJRUJURZLQJ
7KH GDPSLQJ RU JURZLQJ UDWH NJ LV SURSRUWLRQDO WR WKH GHULYDWLYH RI HTXLOLEULXP (') ZLWK
UHVSHFW WR WKH YHORFLW\ Y FDOFXODWHG DW WKH SKDVH YHORFLW\ YSK RI WKH HOHFWURVWDWLF ZDYH  7KH
WUHDWPHQW LV ULJRURXV ZKHQ WKH ZDYH DPSOLWXGH LV LQILQLWHVLPDO DQG WKH EDFNJURXQG LRQV DUH
DVVXPHG WR EH LPPRELOH 7KH OLQHDU /DQGDX GDPSLQJ KDV EHHQ ZHOO GHPRQVWUDWHG LQ
9ODVRY3RLVVRQ VLPXODWLRQ E\ PDQ\ UHVHDUFKHUV LQ WKH SDVW GHFDGHV >@ 7KLV FROOLVLRQOHVV
GDPSLQJKDVEHFRPHYHU\LPSRUWDQWLQDZLGHFRQWH[WVHHUHYLHZVE\5\XWRY>@DQG,YDQRY>@ 
DQG VRPH UHFHQW ZRUNV VKRZ WKDW SURJUHVV LQ XQGHUVWDQGLQJ DQG PRGHOLQJ WKLV SUREOHP LV VWLOO
EHLQJPDGH>@ ,QWKHVHVWXGLHVWKHLRQVDUHXVXDOO\DVVXPHGWREHLPPRELOHDVLQWKHRULJLQDO
WKHRU\>@+RZHYHULRQPRWLRQFDQFKDQJHWKHHYROXWLRQRIWKHSODVPDRVFLOODWLRQVDWFHUWDLQWLPH
VFDOH )RU H[DPSOH LW KDV EHHQ VKRZQ WKDW ERWK LRQ PRWLRQ DQG WKH UHODWLYLVWLF HIIHFW RI HOHFWURQ
PRWLRQFDQOHDGWRSKDVHPL[LQJSKHQRPHQDLIDSODVPDRVFLOODWLRQKDVPRGHUDWHDPSOLWXGH >@,Q
DQXQVWDEOHQRQOLQHDUHOHFWURVWDWLFV\VWHPLWLVIRXQGWKDWLRQPRWLRQFDQUHGXFHWKHDV\PSWRWLFJURZWK
RIZDYHDPSOLWXGHV >@,QWKLVSDSHUEDVHGXSRQ9ODVRY3RLVVRQVLPXODWLRQVZHVKRZWKDWWKH
LRQPRWLRQFDQHYHQFRQVLGHUDEO\FKDQJHWKHOLQHDU/DQGDXGDPSLQJ,QSDUWLFXODULWLVIRXQGWKDW
WKHOLQHDU/DQGDXGDPSLQJZLOOGLVDSSHDUDWDFHUWDLQVWDJHRIWKHHOHFWURVWDWLFZDYHGHFD\GXHWR
WKHH[FLWDWLRQRILRQDFRXVWLFZDYHV 
 7KHPRGHODQGJRYHUQLQJHTXDWLRQV
     )RU WKH VLPSOHVW FDVH WKH HOHFWURVWDWLF RVFLOODWLRQV FDQ EH GHVFULEHG ZLWK WKH
RQHGLPHQVLRQDO9ODVRY3RLVVRQPRGHOZKLFKLVJRYHUQE\WKHIROORZLQJHTXDWLRQV
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RI LRQV DQG HOHFWURQV UHVSHFWLYHO\ DQG = LV WKH FKDUJH QXPEHU RI WKH LRQV QRUPDOL]HG WR WKH
HOHFWURQFKDUJHH7KH RVFLOODWLRQVDUHH[FLWHGE\ LQLWLDOL]LQJD VLQJOH )RXULHU PRGHNPZLWK WKH
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ZKHUH H  LVWKHLQLWLDOSHUWXUEDWLRQDPSOLWXGHRIWKHHOHFWURQGHQVLW\  PN P /S LVWKHZDYH
QXPEHU RI WKH PRGHP/ LV WKHZKROH OHQJWKRI WKH V\VWHP ZKLFK LV S  LQDOO WKH IROORZLQJ
VLPXODWLRQV WKH % H HY . 7 P F  LVWKHUPDOYHORFLW\RIHOHFWURQVZLWKWKHHOHFWURQWHPSHUDWXUH
7H DQG .% LV %ROW]PDQQ
V FRQVWDQW ,RQV DUH LQLWLDOO\ XQLIRUP LQ WKH [VSDFH DQG IROORZ WKH
0D[ZHOOLDQ GLVWULEXWLRQ LQ WKH YHORFLW\ VSDFH          H[S   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ZKHUH WKL WKH L H H LY Y 7 P 7 P  LV WKH QRUPDOL]HG WKHUPDO YHORFLW\ RI LRQV ZLWK WKH LRQ
WHPSHUDWXUH7L
:KHQVROYLQJ WKH 9ODVRY HTXDWLRQ ZH XVH WKH WLPHVSOLWWLQJ PHWKRG LQWURGXFHGE\&KHQJ
DQG .QRUU >@ ZKLFK UHVWV RQ VSOLWWLQJ WKH 9ODVRY HTXDWLRQ LQWR VHSDUDWHG VSDWLDO DQG YHORFLW\
VSDFHDGYHFWLRQHTXDWLRQV)RUHDFKDGYHFWLRQHTXDWLRQZHXVHWKHSRVLWLYHDQGIOX[FRQVHUYDWLYH
3)&PHWKRG >@7KHIDVW)RXULHU WUDQVIRUPPHWKRGLVXVHGWRVROYHWKH3RLVVRQHTXDWLRQZLWK
WKHDVVXPSWLRQRIDSHULRGLFERXQGDU\LQWKHORQJLWXGLQDOVSDFH 
 1XPHULFDOVLPXODWLRQUHVXOWV
'LVDSSHDUDQFHRIOLQHDU/DQGDXGDPSLQJ
,Q WKH IROORZLQJ VLPXODWLRQV ZH NHHS D IL[HG ZDYH QXPEHU NP  7KH HOHFWURQ WKHUPDO
YHORFLW\LVYWKH WKHLRQPDVVLVQRUPDOL]HGE\HOHFWURQPDVVPHE\GHILQLQJPH PL PLPH
,QWKHVHVLPXODWLRQVPL  PSKHUHPSLVWKHPDVVRIDSURWRQWKHLRQWHPSHUDWXUHLVHTXDOWR
WKH HOHFWURQ WHPSHUDWXUH 7L 7H DQG WKH LRQ FKDUJH =  )LJXUH  VKRZV KRZ WKH IXQGDPHQWDO
PRGHRIWKHHOHFWULFILHOGHYROYHVZLWKWLPHXQGHUGLIIHUHQWLQLWLDODPSOLWXGHVRIWKHZDYH:KHQ
WKH LQLWLDOSHUWXUEDWLRQDPSOLWXGH LVKLJK VXFKDVH  VKRZQ LQ)LJD WKH V\VWHP LV KLJKO\
QRQOLQHDU,WLQGLFDWHVWKDWWKHV\VWHPVHYROYHEDVLFDOO\LGHQWLFDOHLWKHUZLWKRUZLWKRXWLRQPRWLRQ
LQWKLVFDVHLHLRQPRWLRQGRHVQRWOHDGWRREYLRXVFKDQJHRIWKHILHOGHYROXWLRQZKHQWKHLQLWLDO
DPSOLWXGHLVODUJH+RZHYHULIWKHLQLWLDODPSOLWXGHLVDVVPDOODVQHDUWKHOLQHDUUHJLRQWKHHIIHFW
RI LRQ PRWLRQ EHFRPHV REYLRXV DV VKRZQ LQ )LJV EG ,W VKRZV WKDW WKH OLQHDU /DQGDX
GDPSLQJGHYHORSVDWWKHEHJLQQLQJ)URPDERXWW WKHILHOGHYROXWLRQVWDUWVWRGHYLDWHIURPWKH
OLQHDU/DQGDXGDPSLQJ)URPWKHWLPHW WKH/DQGDXGDPSLQJDOPRVWGLVDSSHDUV,QVWHDGWKH
ILHOG HYROXWLRQ DSSHDUV WR GHFD\ VORZO\ ZLWK D ODUJH SHULRGLF VWUXFWXUH 7KH SHULRG RI WKH ILHOG
HYROXWLRQ LV DV ORQJ DV DERXW   * SHZ  ZKLFK LV DERXW  PXOWLSOHV RI WKH SHULRG RI WKH
HOHFWURQ SODVPD ZDYH JRYHUQHG E\ WKH GLVSHUVLRQ UHODWLRQ      SH WKHN YZ Z   7KLV ODUJH
VWUXFWXUH VKRXOG EH DVVRFLDWHG ZLWK LRQ PRWLRQ RU WKH H[FLWDWLRQ RI LRQ DFRXVWLF ZDYHV 7KH
IUHTXHQF\RIWKHLRQDFRXVWLFZDYHLVJLYHQE\
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)LJXUH7LPHHYROXWLRQRIWKHHOHFWULFILHOGIXQGDPHQWDOPRGHXQGHUGLIIHUHQWLQLWLDO
DPSOLWXGHV D H   E H   F H   G H   KHUH YWKH 
PL  PS7H 7LDQGNP 
)RUWKHJLYHQSDUDPHWHUVLQWKHVLPXODWLRQDQGZLWKWKHDGLDEDWLFFRQVWDQWVLQWKHRQHGLPHQVLRQDO
VLWXDWLRQ   HL JJ  RQH ILQGV WKH IUHTXHQFLHV RIHOHFWURQ SODVPD ZDYHDQG LRQDFRXVWLF ZDYH
DUHZ  SHZ  DQGZL  SHZ UHVSHFWLYHO\7KHUHIRUHWKHLRQDFRXVWLFF\FOHLVDERXW
 PXOWLSOHV RI WKH HOHFWURQ SODVPD ZDYH F\FOH ZKLFK LV D OLWWOH VKRUWHU WKDQ WKH F\FOH RI WKH
VORZO\GHFD\LQJVWUXFWXUHLQWKHVLPXODWLRQUHVXOWVVKRZQLQ)LJ7KLVGLIIHUHQFHPD\EHFDXVHG
E\WKHSODVPDZDYHSKDVHYHORFLW\VKLIWZKHQWKHLRQPRWLRQLVLQFOXGHGDVGLVFXVVHGODWHU 

 
 
)LJXUH  7LPH HYROXWLRQ RI HOHFWURQ GHQVLW\ SHUWXUEDWLRQ HQG  ZLWK WKH LRQ PRWLRQ
LQFOXGHG GXULQJ W >@ D >@ E DQG >@ F ZKHUH WKH RWKHU
SDUDPHWHUVDUHWKHVDPHDVWKRVHLQ)LJG

)LJXUHV  DQG  LOOXVWUDWH WKH WLPH HYROXWLRQ RI HOHFWURQ GHQVLW\ SHUWXUEDWLRQ DPSOLWXGH
HQG DQG LRQ GHQVLW\ SHUWXUEDWLRQ DPSOLWXGH LQG  UHVSHFWLYHO\ LQ GLIIHUHQW WLPH SHULRGV
IRU H   )LJXUH D VKRZV WKDW WKH DPSOLWXGH RI WKH ORQJLWXGH HOHFWURQ SODVPD ZDYH LV
GDPSHGWRYHU\VPDOOOHYHODWDERXWW 2QWKHFRQWUDU\WKHDPSOLWXGHRIWKHLRQDFRXVWLFZDYH
LQFUHDVHVZLWKWKHWLPHDQGUHDFKHVWKHPD[LPDOYDOXHDWDERXWWKLVPRPHQWW >VHH)LJD@
$V VKRZQ LQ)LJVF DQGG WKH LRQ GHQVLW\ SHUWXUEDWLRQEHFRPHVDW WKH VDPH OHYHO DV WKH
HOHFWURQGHQVLW\SHUWXUEDWLRQDWWKHWLPHW $IWHUWKLVWLPHWKHHOHFWURQSODVPDZDYHXQGHUJRHV
IXUWKHUGDPSLQJDQGWKHLRQDFRXVWLFZDYHVWDUWVWRGRPLQDWHWKHHYROXWLRQRIWKHSODVPDV\VWHP
(OHFWURQVLQWKHV\VWHPPDLQO\IROORZWKHLRQPRWLRQLQWKHODWHUSHULRGDVVKRZQLQ)LJVFDQG
E7KHUHIRUHWKHVORZHOHFWULFILHOGRVFLOODWLRQVLQWKHODWHUVWDJHFRUUHVSRQGWRWKHLRQDFRXVWLF
ZDYHIUHTXHQF\DVVKRZQLQ)LJG,QSDVVLQJZHSRLQWRXWWKDWLRQGHQVLW\SHUWXUEDWLRQVFDQ
DOVRGHYHORSZKHQWKHLQLWLDOHOHFWURQSODVPDZDYHLVKLJKVXFKDVH +RZHYHUWKHHOHFWURQ
GHQVLW\ SHUWXUEDWLRQV DUH DOZD\V PXFK ODUJHU WKDQ WKH H[FLWHG LRQ GHQVLW\ SHUWXUEDWLRQV 6R WKH
HOHFWURQ G\QDPLFV UHPDLQV SUHGRPLQDQW GXULQJ WKH ZKROH HYROXWLRQ RI WKH V\VWHP LH WKH LRQ
PRELOHHIIHFW RQ WKH ILHOGHYROXWLRQ LV YHU\ VPDOO DQGFDQEHQHJOHFWHG ZKHQ WKH LQLWLDOSHUWXUE
DPSOLWXGHLVODUJH 
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)LJXUH  7LPH HYROXWLRQ RI LRQ GHQVLW\ SHUWXUEDWLRQ LQG GXULQJ W >@ D DQG
>@ E ZKHUH WKH RWKHU SDUDPHWHUV DUH WKH VDPH DV WKRVH LQ )LJ G 7KH
FRUUHVSRQGLQJVQDSVKRWVRIHOHFWURQDQGLRQGHQVLW\GLVWULEXWLRQVLQWKH[VSDFHDWWKH
WLPHW DQGW DUHDOVRVKRZQLQFDQGGUHVSHFWLYHO\

(IIHFWRILRQPDVV
7RVKRZPRUHH[SOLFLWO\HIIHFWRILRQPRWLRQWLPHHYROXWLRQRIWKHHOHFWULFILHOGIXQGDPHQWDO
PRGHZLWKGLIIHUHQWLRQPDVVLVVKRZQLQ)LJ:LWKWKHLQFUHDVHRIWKHLRQPDVVWKHLQIOXHQFH
RI LRQ PRWLRQ RQ WKH OLQHDU /DQGDX GDPSLQJ RFFXUV ODWHU ZLWK ODUJHU RVFLOODWLRQ SHULRGV
DFFRUGLQJO\0RVWRIWKHHOHFWULFILHOGHQHUJ\KDVEHHQGDPSHGWRWKHSDUWLFOHVZLWKYHORFLW\QHDU
WKHSKDVHYHORFLW\:HDOVRKDYHFDOFXODWHGWLPHHYROXWLRQRIWKHHOHFWULFILHOGIXQGDPHQWDOPRGH
ZLWKRWKHUGLIIHUHQWLRQFKDUJHDQGGLIIHUHQWLRQPDVV:LWKWKHLQFUHDVHRIWKHLRQFKDUJHWKHWLPH
WKDW LRQPRELOHEHJLQVWR LQIOXHQFHWKHOLQHDU/DQGDXGDPSLQJ GW LVHDUO\ZKHQWKHLRQPDVVLV
WKHVDPH7KHSHULRGRIVWLPXODWHGDFRXVWLFZDYH L*  LVDOPRVWWKHVDPHDVORQJDVWKHLRQFKDUJH
WRPDVVUDWLRLV WKHVDPHZKLFKLVLQDFFRUGDQFHZLWKWKHRUHWLFDOVFDOLQJIRULRQDFRXVWLFSHULRG
 L LP =* v   )RU WKH KHDYLHU LRQV PL!PS WKH WLPH GW  LV DOPRVW WKH VDPH ZKHQ WKH
LRQPDVVDQGWKHLRQFKDUJHLQFUHDVHWKHVDPHPXOWLSOH 
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)LJXUH7LPHHYROXWLRQRI WKHHOHFWULF ILHOG IXQGDPHQWDOPRGHXQGHUGLIIHUHQW
LRQ PDVVZLWK=  DPL PS EPL PS DQG FPL DQG
7KHRWKHUSDUDPHWHUVDUHVDPHDVWKRVHLQ)LJG

    :KHQWKHLRQPDVVLVVRVPDOOVXFKDVFRPSDUDEOHWRWKHHOHFWURQPDVV)LJFVKRZVWLPH
HYROXWLRQ RI WKH HOHFWULF ILHOG IXQGDPHQWDO PRGH ZLWK GLIIHUHQW OLJKW LRQ PDVV :KHQ WKH
QRUPDOL]HGLRQPDVVPL WKHOLQHDU/DQGDXGDPSLQJFDQVWLOOEHIRXQGFOHDUO\+RZHYHUZKHQ
PL RUWKHILHOGGDPSLQJFDQRQO\H[LVWDWWKHYHU\HDUO\VWDJHZLWKDUHGXFHGGDPSLQJUDWH
)URP)LJLWFDQEHVHHQWKHLRQGHQVLW\SHUWXUEDWLRQFDQEHH[FLWHGYHU\TXLFNO\DWDERXWW 
RU DERXW KDOI RI DQ HOHFWURQ RVFLOODWLRQ SHULRG ZKHQ WKH LRQ PDVV HTXDO WR HOHFWURQ PDVV LH
HOHFWURQSRVLWURQ SODVPD $IWHUZDUGV WKH V\VWHP HYROXWLRQ LV PDLQO\ GRPLQDWHG E\ HQHUJ\
H[FKDQJHEHWZHHQHOHFWURQVDQGSRVLWURQVYLDHOHFWULFILHOGV 
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)LJXUH  7LPH HYROXWLRQ RI HOHFWURQ GHQVLW\ SHUWXUEDWLRQ HQG  D DQG LRQ GHQVLW\
SHUWXUEDWLRQ LQG EDWWKHHDUO\VWDJHZKHQPL WKDWLVIRUSRVLWURQFDQGG
VKRZ VQDSVKRWV RI WKH HOHFWURQ DQG SRVLWURQ GHQVLW\ DW W  DQG  UHVSHFWLYHO\
+HUHPL WKHRWKHUSDUDPHWHUVDUHWKHVDPHDVWKRVHLQ)LJG

,QRUGHUWRH[SODLQWKHILHOGHYROXWLRQLQHOHFWURQSRVLWURQSODVPDZHFDOFXODWHWKHDYHUDJHG
GLVWULEXWLRQRIWKHHOHFWURQVDQGLRQVLQ[VSDFHWKDWLV 

       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 
:LWKWKHGDPSLQJRI WKHHOHFWULFILHOGVRPHSDUWLFOHVZLWKYHORFLW\VOLJKWO\ORZHUWKDQWKHZDYH
SKDVHYHORFLW\DEVRUEHQHUJ\IURPWKHZDYHDQGFDQEHDFFHOHUDWHG$VWKHGLIIHUHQWLDOFRHIILFLHQW
DEVROXWH YDOXH RI WKH HOHFWURQ GLVWULEXWLRQ _  _H HGI GY  LV VPDOO DW WKH ZDYH SKDVH YHORFLW\ WKH
GLIIHUHQWLDO FRHIILFLHQW FDQ FKDQJH LWV VLJQ YHU\ HDV\ WR VDWLVI\ _  _ H HGI GY !  ZKLFK FDQ EH
IRXQGLQ)LJD$IWHU WKDW WKHUHDUHPRUHSDUWLFOHVKDYLQJYHORFLWLHVVOLJKWO\JUHDWHU WKDQWKH
ZDYH SKDVH YHORFLW\ ZKLFK ZLOO EH GHFHOHUDWHG DQG ORVLQJ HQHUJ\ WR WKH ZDYH :KHQ WKH LRQ
PRWLRQ LV LQFOXGHG WKH DYHUDJHG GLVWULEXWLRQ LQ YVSDFH RI HOHFWURQ GLVWULEXWLRQ DQG LRQ
GLVWULEXWLRQDUHDOZD\VWKHVDPHLQWKHHOHFWURQSRVLWURQSODVPDGXHWRWKHLUVDPHPDVVDQGVDPH
FKDUJHQXPEHU>VHH)LJE@)LJXUHFFRPSDUHVWKHDYHUDJHGGLVWULEXWLRQRIHOHFWURQVHLWKHU
ZLWK RUZLWKRXW WKH SRVLWURQ PRWLRQDW W  7KH GLIIHUHQWLDO FRHIILFLHQWRI HOHFWURQ GLVWULEXWLRQ
ZLWKWKHSRVLWURQPRWLRQHYROYHVPXFKVORZHUWKDQWKRVHZLWKRXW WKHSRVLWURQPRWLRQ7KLVFDQ
H[SODLQZK\WKHLRQPRWLRQFDQGHFUHDVHWKHGDPSLQJUDWHRIWKHHOHFWULFILHOGIXQGDPHQWDOPRGH
&RPSDUH)LJVDDQGE LWFDQEHVHHQWKDW WKHUHVRQDQFHGRPDLQLQYVSDFHLVPRYHGWRD
ODUJHU YHORFLW\ GLUHFWLRQ ZKHQ WKH LRQ PRWLRQ LV FRQVLGHUHG 7KLV LPSOLHV WKH SKDVH YHORFLW\
LQFUHDVH$FFRUGLQJWRWKHIRUPXOD SKY NZ LWFDQEHGHGXFHGWKDWWKHHOHFWURQSODVPDZDYH
IUHTXHQF\ LQFUHDVHV DQG RVFLOODWLRQ SHULRG GHFUHDVHV ZKHQ WKH SRVLWURQ PRWLRQ LV FRQVLGHUHG 
)URP)LJGLWLVVKRZQWKDWWKHSODVPDZDYHIUHTXHQF\LQFUHDVHVZKHQWKHSRVLWURQPRWLRQLV
FRQVLGHUHGZKLFKLVLQDFFRUGDQFHZLWKWKHWKHRU\DQDO\VLV>@$QGWKLVLVIRXQGWREHWUXHIRU
LRQVWDNLQJRWKHUPDVVUDWLRDOWKRXJKWKHSODVPDZDYHSKDVHYHORFLW\VKLIWLVQRWDVREYLRXVDVLQ
WKH SRVLWURQHOHFWURQ SODVPD WKH LRQ PDVV LV ODUJH 7KLV FDQ H[SODLQ ZK\ WKH UDWLR RI WKH LRQ
DFRXVWLFZDYHSHULRGWRWKHHOHFWURQSODVPDZDYHSHULRGIRXQGIURPVLPXODWLRQVKRZQLQ)LJLV
DOLWWOHODUJHUWKDQWKHWKHRUHWLFDOYDOXHZKHUHWKHLRQPRWLRQLVQRWFRQVLGHUHG 
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)LJXUH$YHUDJHGGLVWULEXWLRQRIHOHFWURQVDQGSRVLWURQVLQ[VSDFHDYWKH 
LPPRELOHSRVLWURQVEYWKH SRVLWURQVPRELOHFYWKH GHYROXWLRQRI
WKHHOHFWULF ILHOG IXQGDPHQWDO PRGHDW WKHHDUO\ VWDJHZKHQYWKH 7KHRWKHU
SDUDPHWHUV DUH VDPH DV WKRVH LQ )LJ G ZLWK PL  WKDW LV HOHFWURQSRVLWURQ
SODVPD


&RQFOXVLRQV
8VLQJRQHGLPHQVLRQDO9ODVRY3RLVVRQVLPXODWLRQZHKDYHVWXGLHGWKHHIIHFWRILRQPRWLRQ
RQ /DQGDX GDPSLQJ ,Q WKH OLQHDU UHJLPH RI /DQGDX GDPSLQJ ZLWK D VPDOO LQLWLDO DPSOLWXGH RI
HOHFWURQSODVPDZDYHVLWLVVKRZQWKDWWKHH[FLWHGLRQDFRXVWLFZDYHFDQVLJQLILFDQWO\DIIHFWWKH
V\VWHPHYROXWLRQ:KHQ WKH LRQ PDVV LV PXOWLSOH RI SURWRQ PDVV LWV PRWLRQZLOO VWRS WKH OLQHDU
/DQGDX GDPSLQJ DW VRPH WLPH DQG WKH H[FLWHG LRQ DFRXVWLF ZDYH ZLOO GRPLQDWH WKH V\VWHP
HYROXWLRQDW WKH ODWHU VWDJH$VD UHVXOW WKH UHVLGXDO ILHOGHQHUJ\ ZLWK LRQ PRWLRQ ZLOOEH PXFK
ODUJHUVXFKDVWLPHVWKDQWKDWZLWKRXWFRQVLGHULQJLRQPRWLRQ:LWKVPDOOLRQPDVVVXFKDV
LQ HOHFWURQSRVLWURQ SODVPD WKH LRQ PRWLRQ VLJQLILFDQWO\ VXSSUHVVHV WKH OLQHDU /DQGDX GDPSLQJ
UDWH DQG WKH V\VWHP HYROXWLRQ LV PDLQO\ GRPLQDWHG E\ HQHUJ\ H[FKDQJH EHWZHHQ HOHFWURQV DQG
SRVLWURQV YLDHOHFWULF ILHOGV:KHQ WKH LQLWLDOGHQVLW\SHUWXUEDWLRQ LV ODUJH LQ WKHTXDVLQRQOLQHDU
UHJLPH WKH HIIHFW RI LRQ PRWLRQ EHFRPHV ZHDN DQG WKH V\VWHP LV PDLQO\ GHWHUPLQHG E\ WKH
HOHFWURQG\QDPLFV 
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$FNQRZOHGJHPHQW

    7KLVZRUNLVVXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD*UDQW1R
DQG=06DFNQRZOHGJHVWKHVXSSRUWRIWKHVXSSRUWRI
D/HYHUKXOPH7UXVW5HVHDUFK3URMHFW*UDQWDWWKH8QLYHUVLW\RI6WUDWKFO\GH 
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